Different clinical outcome in coronary artery bypass with single and sequential vein grafts: A fifteen-year follow-up study  by van Brussel, B.L. et al.
DIFFERENT CLINICAL OUTCOME IN CORONARY ARTERY BYPASS WITH SINGLE AND 
SEQUENTIAL VEIN GRAFTS: A FIFTEEN-YEAR FOLLOW-UP STUDY 
B. L. van Brussel, MD a 
H. W. M. Plokker, MD, PhD b 
A. A. Voors, MD b 
J. M. P. G. Ernst, MD, PhD b 
J. C. Kelder, MD c 
P. J. Knaepen, MD d 
F. E. E. Vermeulen, MD d 
Objective: In trying to answer the question about the controversial use of 
sequential grafts, we determined the long-term clinical outcome of patients 
in whom coronary artery bypass was done with different types of vein grafts. 
Methods: A total of 428 consecutive patients who underwent isolated 
coronary artery bypass with vein grafts between April 1, 1976, and April 1, 
1977, were prospectively observed. In these patients three groups could be 
defined with single grafts only, sequential grafts only, and combined single 
and sequential grafts. Follow-up was 99.8% complete and averaged 15.4 
years for the survivors. The Kaplan-Meier method and multivariate 
analysis done with the Cox regression model were used for survival, 
myocardial infarction, reintervention, and "any event." Results: Periopera- 
tive mortality and perioperative myocardial infarction rate were not 
statistically different among the three groups. During follow-up more 
myocardial infarctions (hazard ratio: 2.06; 95% confidence interval: 1.08 to 
3.93;p = 0.0293) or any events (hazard ratio: 1.54; 95% confidence interval: 
1.01 to 2.36; p = 0.0450) occurred in patients with sequential grafts only 
than in patients with single grafts only. Conclusion: Although more com- 
plete revascularization was obtained in patients with sequential vein grafts 
only, more events during a 15-year follow-up occurred in these patients 
than in patients with single vein grafts only. (J Thorac Cardiovasc Surg 
1996;112:69-78) 
n 1971 coronary artery bypass urgery with sequen- 
tial vein grafts was introduced by Flemma and 
associates. 1 Use of these grafts made it easier to 
achieve complete revascularization. Nevertheless, 
the use of sequential vein grafts has been the subject 
of controversy because a severe stenosis of the main 
stem of a graft may jeopardize a greater part of the 
myocardium than is true if single vein grafts are 
used. 
In the present era of coronary artery surgery the 
internal thoracic artery is preferred because of its 
higher patency rate. However, in many patients with 
arterial conduits, coronary artery bypass with single 
From the Department of Cardiology, Diaconessenhuis, a Eind- 
hoven, and the Departments of Cardiology, u Clinical Epide- 
miology, c and Cardiothoracic Surgery, d St. Antonius Hospital, 
Nieuwegein, The Netherlands. 
Received for publication Feb. 15, 1995; accepted for publication 
Oct. 3, 1995. 
Address for reprints: B. L. van Brussel, MD, Diaconessenhuis, 
Department of Cardiology, PO Box 90.052, 5600 PD Eind- 
hoven, The Netherlands. 
Copyright © 1996 by Mosby-Year Book, Inc. 
0022-5223/96 $5.00 + 0 12/1/69657 
or sequential vein grafts (or both) will continue to be 
used to achieve complete coronary revasculariza- 
tion. Therefore, even today it remains important o 
study the long-term clinical outcome as a function of 
the type of vein grafts used during coronary bypass. 
The literature contains only a few studies on this 
subject.2, 3 
We report the long-term results of three different 
patient groups (patients with single vein grafts only 
[group I] or sequential vein grafts only [group II] 
and patients with combined single and sequential 
vein grafts [group III]) belonging to a consecutive 
patient group who underwent isolated coronary 
artery bypass grafting with only vein grafts in I year 
and whom we followed up prospectively. 
Methods 
The angiographic and clinical definitions and the pa- 
tient group have been described in detail before. 4In brief, 
the study group consisted of 428 consecutive patients, 383 
men and 45 women, with an average age of 52.6 years 
(range 20 to 74 years) who underwent isolated coronary 
artery bypass operations with vein grafts between April 1, 
1976, and April 1, 1977, at he St. Antonius Hospital, 
Nieuwegein, The Netherlands. Nearly half of the patients 
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(49%) had had a myocardial infarction and more than 2% 
had a history of heart failure before the operation. In 61% 
of the study population the severity of preoperative angina 
was class III or IV according to the Canadian Cardiovas- 
cular Society, in 48% three-vessel disease was demon- 
strated at coronary angiography, and in 12% left main 
coronary artery disease was also present. In 21% of the 
study group left ventricular function was moderately or 
severely diminished. In 26% of the patients unstable 
angina pectoris was the indication for surgical therapy. 
Our study population was divided into three groups 
according to the grafts used during the operation: patients 
with single vein grafts only (group I, n = 188), patients 
with sequential vein grafts only (group II, n = 60), and 
patients with combined single and sequential vein grafts 
(group III, n = 180). 
Surgical technique. Intermittent aortic occlusion with 
moderate hypothermia (25 ° to 28 ° C) alternating with 
deep hypothermia (20 ° to 22 ° C) at clamping was used for 
the operations. Single coronary artery bypass grafts with 
or without sequential grafts were placed. Only the lower 
leg saphenous vein was used for the grafts. Side-to-side 
anastomoses were used in this early experience of sequen- 
tial grafting--longitudinal side-to-side vein-to-artery 
anastomoses in 51%, diamond-shaped anastomoses in
22%, oblique anastomoses in 19%, and other types of 
anastomoses in 8%. All end-to-side anastomoses were 
constructed longitudinally. An average of 3.2 coronary 
anastomoses per patient was made. A left ventricular 
aneurysm resection was performed in 25 patients. Com- 
plete revascularization, defined as revascularization f all 
coronary arteries with a diameter of at least 1 mm and a 
stenosis of 50% or more supplying a vital left ventricular 
wall segment, was achieved in 78% of the study group. 
Follow-up and data collection. Several follow-up meth- 
ods were used simultaneously to provide the most com- 
plete information possible. All patients were followed up 
at the hospital's outpatient clinic or the outpatient clinic 
of the referring cardiologists (or at both sites) on the 
anniversary of the operation. The common "closing data" 
method was used in 1992 to close follow-up of all patients. 
Because of the combined follow-up methods, all patients 
except one, who went abroad and was lost to follow-up 7 
years after operation, were traced for the common closing 
date of April 1, 1992. Exact information about the clinical 
events studied was obtained in all patients. Our follow-up 
was 99.8% complete. The mean duration of follow-up for 
the survivors was 15.4 years. 
Statistical analysis. The following clinical events were 
studied: overall mortality, acute myocardial infarction, 
and reintervention (reoperation or percutaneous translu- 
minal coronary angioplasty, or both). Patients not surviv- 
ing the operation were excluded from statistical analysis. 
Therefore 415 patients were followed up. Perioperative 
myocardial infarction was likewise not included in statis- 
tical analysis of myocardial infarction during follow-up. 
To identify prognostic covariates hat might have ex- 
plained differences among the groups, we estimated sur- 
vival curves by the method described by Kaplan and 
Meier 5 from the baseline variables as described in Table I. 
Postoperative events are calculated from life-table analy- 
sis and presented as percentages _+ standard deviation. 
Differences in survival times between groups were calcu- 
lated by the log rank and the Wilcoxon tests (SAS. 
PROC.LIFETEST, SAS Institute, Inc., Chicago, Ill.). All 
variables with a significance level o fp  < 0.10 in at least 
one of these univariate tests were selected for entry in a 
multivariate proportional hazards model as proposed by 
Cox 6 (COX.PROC.PHREG, SAS Institute, Inc., Chicago, 
Ill.). The variables age and gender but also all other 
important clinical variables were always included. Propor- 
tionality of hazards was checked by means of the log 
cumulative hazard plot (log cumulative hazard plotted 
against log time) for each of the variables entered in the 
model. This plot will convert he vertical proportionality 
of the original plots into avertical equidistance, therefore 
permitting visual assessment. All curves were approxi- 
mately parallel and equidistant vertically for the various 
levels of the variable. We concluded that the underlying 
hazards were proportional and the Cox model was appro- 
priate. 7 Subsequently, we were able to predict the inde- 
pendent influence of the single or sequential technique on 
different cardiac events in this population. The risk of one 
group having a clinical event compared with the risk in 
another group is reflected by the hazard ratio. 
Results 
General results. In Table I the presence of the 
different baseline variables in the three patient 
groups and the results of the univariate analysis 
among these three groups are given. In group I 
(patients with single vein grafts only) the lowest 
mean number  of distal anastomoses per patient was 
found. In group I I  (patients with sequential vein 
grafts only) the highest percentage of patients had 
complete revascularization. In group I I I  (patients 
with single and sequential vein grafts) a more severe 
degree of coronary atherosclerosis was present at 
operation, because a high percentage of patients 
had three-vessel disease and left main coronary 
artery disease. There was a significant difference in 
the mean extracorporeal circulation t ime and in the 
mean extracorporeal circulation time per distal 
anastomosis among the three groups. 
Mortality. Thirteen patients died during or 
within 30 days after the operation, seven patients 
belonging to group I (4%) and six patients to group 
I I I  (3%). This difference in hospital mortality 
among the three patient groups was not statistically 
significant. (According to Fisher's exact method, 
two-sided for group I versus group II, group I I  
versus group I I I ,  and group I versus group I I I ,  thep  
values are, respectively, 0.20, 0.34, and 1.00.) 
In group I the mortality was constant in the first 6 
years after operation, with a mean annual mortality 
rate of 0.7%. After these years mortality increased, 
especially f rom the tenth year after operation, with a 
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Tab le  I. Baseline variables in patients with single grafts only (group I), sequential grafts only (group II), and 
both type of  grafts (group III), as well as univariate data analysis (p values) between these groups 
Group I I~II  Group II II~III Group Ill I~--~III 
(n = 181) (p) (n = 60) (p) (n = 174) (p) 
Age > 50 yr 62% 0.90 62% 0.26 71% 0.08 
Age -< 38% 38% 29% 
Female gender 13% 0.90 13% 0.12 7% 0.07 
Previous myocardial infarction 44% 0.39 50% 0.94 51% 0.19 
History of heart failure 2% 0.58 - -  0.57 2% 1.00 
Family h/story of CAD 8% 0.92 8% 0.70 7% 0.25 
Angina pectoris (CCS) 
I 2% 0.74 2% 0.97 3% 0.25 
II 39% 37% 35% 
III 33% 40% 41% 
IV 27% 22% 21% 
Number of diseased vessels 
One 25% 0.98 30% <0.001 1% <0.00l 
Two 45% 30% 29% 
Three 29% 40% 70% 
Left main CAD 8% 1,00 8% 0.08 18% 0.004 
Proximal stenosis LAD 30% 0.79 32% 0.53 36% 0.20 
Coronary collateral circulation 50% 0.97 50% 0.001 74% <0.001 
Left ventricular function 
CASS score: 5-7 69% 0.14 60% 0.48 61% 0.26 
CASS score: 8-10 18% 17% 22% 
CASS score: >10 13% 23% 17% 
Obesity 
Quetelet index > 25 21% 0.45 23% 0.65 20% 0.06 
Quetelet index unknown 6% 2% 1% 
Hypercholesterolemia 
>6.5 mmol/L 60% 0.59 62% 0.23 71% 0.12 
Unknown 18% 22% 13 % 
Hypertriglyceridemia 
>2,0 mmol/L 23% 0.04 10% 0.007 28% 0.49 
Unknown 17% 28% 16% 
Diabetes mellitus 
Present 2% 1.00 2% 1.00 2% 1.00 
Unknown 24% 35% 12% 
Hypertension 12% 0.37 17% 0.59 14% 0.65 
Smoking 
Yes 41% 0.35 40% 0,65 40% 0.83 
Unknown - -  2% 1% 
Indication for operation 
Stable angina pectoris 68% 0.97 68% 0.86 72% 0.60 
Unstable angina pectoris 29% 28% 25% 
Other 3% 3% 4% 
Number of distal anastomosis 
>3 3% <0.001 63% 0.47 68% <0.001 
-<3 97% 37% 32% 
Complete revascularization 
Yes 75% 0.006 92% 0.013 67% 0.68 
No 25% 8% 23% 
Mean ECT (rain) (_+SD) 82 -+ 40 <0.001 115 _ 48 <0.001 138 _+ 44 <0.001 
Mean ECT/DA (rain) (+SD) 40 + 17 <0.00l 31 + 7 0.005 34 _+ 7 <0.001 
CAD, Coronary artery- disease; CCS, Canadian Cardiovascular Society; LAD, left anterior descending artery; CASS,Coronary Artery Surgery Study; ECT, 
extracorporeal circulation time; DA, distal anastomosis; SD, standard deviation. 
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Fig. 1. Actuarial survival of patients with single grafts only, patients with sequential grafts only, and 
patients with single and sequential grafts. 
mean annual mortality rate of 3%. In group II 
mortality was constant in the first postoperative 
decade. The annual mean mortality rate was 1.5%. 
In the twelfth year after operation mortality in- 
creased to a yearly mean of 4.5%. Mortality was 
constant in group III in the first 7 years after 
operation, with a mean yearly mortality of 1.3%. In 
the following years the annual mortality rose to a 
mean of 4.4%. These figures lead to a 15-year 
survival of 57.3% + 3.8%. In groups I and II, 
15-year survivals were 67.9% + 3.5% and 65% + 
6.2% (mean _+ standard deviation), respectively 
(Fig. 1). 
Despite these differences among the three groups, 
the multivariate hazard ratio was close to i with no 
statistically significant differences; for example, a 
slight but not significantly increased risk for overall 
mortality was found in patients with sequential 
grafts only (group II) and in patients with single and 
sequential grafts (group III) as compared with pa- 
tients with single grafts only (Table II). 
Myocardial infarction. In 27 patients a myocar- 
dial infarction occurred within 30 days after opera- 
tion. The perioperative myocardial infarction rates 
for groups I, II, and III were 7%, 2%, and 7%, 
respectively. These differences are statistically not 
significant. (According to Fisher's exact method, 
two-sided for group I versus group II, group II 
versus group III, and group I versus group III, the p 
values are, respectively, 0.77, 0.77, and 1.00.) 
In the first 5 years after operation the myocardial 
infarction rate was low in all three patient groups. 
Thereafter the mean annual myocardial infarction 
rate increased, especially in group I! (to 3.2%). In 
groups I and III the rates were 2% and 1.4%, 
respectively. Fifteen years after the operation, 
80.6% -+ 3.5% of group I, 66% + 7.1% of group II, 
and 78.3% __ 3.9% of group III remained free from 
myocardial infarction. The occurrence of a myocar- 
dial infarction 15 years after operation, then, is 
nearly identical in patients of groups I and Ill, but 
an infarction occurs more frequently in patients of 
group II (sequential grafts only) (Fig. 2). 
Multivariate analysis revealed a more than two- 
fold increase in the risk of myocardial infarction 
during the follow-up period in patients belonging to 
group II than in patients belonging to group I (single 
grafts only). There was no statistically significant 
difference in the occurrence of myocardial infarction 
between the patients of group III versus those of 
group I and group II. (Table III). 
Reintervention. In the first 6 to 7 years after 
operation the need for reintervention was small. 
This was true especially in group II patients, in 
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whom the annual reintervention rate was 0.3%. In 
the same period the reintervention rate was 0.7% 
for group I and 0.8% for group III. In the following 
years more reinterventions were required in all 
three groups. The rate for eintervention i those 
years was 3.3% for group I, 4.6% for group II, and 
4.5% for group III. The actuarial freedom from 
reinterventions 15 years after operation was 66.3% 
_+ 3.8% for group I, 56.7% _+ 7.3% for group II, and 
58.9% +__ 4.5% for group III (Fig. 3). There seems to 
be a greater need for reintervention during fol- 
low-up for patients receiving sequential grafts exclu- 
sively or in combination with single grafts (groups II 
and III). 
The hazard ratio detected by multivariate analysis 
among the three patient groups is nearly identical, 
however, and equals 1. There is a small but not 
significantly greater isk for the need for reinterven- 
tions in both groups II and III as compared with 
group I (Table IV). 
Any event (death, myocardial infarction, or rein- 
tervention). Most of the events occurred in patients 
with at least one sequential graft. The mean annual 
rate for the first 7 years after operation was 3.1% for 
group II compared with 2.4% for group III and 
2.3% for group f. After 7 years the annual rate 
increased to 6.3% for group II and 6.5% for group 
III but to 5.2% for group I. The actuarial freedom 
from any event 15 years after the operation is 
42% +_ 3.7% for group I, 28.3% _+ 5.8% for group 
II, and 31.3% +_ 3.5% for group III (Fig. 4). 
In multivariate analysis, patients with exclusively 
sequential grafts have a small but nevertheless ig- 
nificantly higher risk for any event after coronary 
revascularization than do patients with single grafts 
only. The independent risk was more than 1.5 times 
greater for patients belonging to group II than for 
those in group I (Fig. 5). Although patients with 
single and sequential grafts seem more likely to 
need reintervention than do patients with single 
grafts only, in multivariate analysis this apparent 
trend was not statistically significant (Table V). 
Discussion 
On the introduction of sequential coronary graft- 
ing, Flemma and associates 1 considered the de- 
crease in extracorporeal circulation time but also 
the high flow representing "a most thorough and 
extensive myocardial revascularization" as the 
greatest advantages in relation to the surgical tech- 
nique of single grafts. Flow in a graft is a major 
determinant of both early and late graft patency. 8 
Table II. Results of multivariate analysis for 
mortality 
P 
Factor HR 95% CI Value 
Sequential graft (base = 1.19 0.73-1.94 0.50 
single graft) 
Single and sequential grafts 1.10 0.76-1.60 0.62 
(base = single graft) 
Single and sequential grafts 0.93 0.56-1.52 0.76 
(base = sequential) 
Age (>50 yr) 1.73 1.19-2,51 0.0041 
Gender 1.20 0.71-2.05 0.50 
History of AMI 1.06 0.73-1.53 0.77 
History of AMI unknown 1.86 0.43-8.01 0.40 
Two-vessel disease 1.22 0.65-2.28 0.54 
Three-vessel disease 1.41 0.75-2.67 0.29 
Left main coronary artery 1.49 0.96-2.31 0.08 
disease 
Proximal stenosis of LAD 1.22 0.87-1.70 0.25 
Coronary collateral circula- 1.29 0.87-1.91 0.21 
tion 
Left ventricular function 
CASS score: 8-10 1.41 0.93-2.14 0.10 
CASS score: >10 2.03 1.34-3.08 0.0009 
Hypertriglyceridemia 1.25 0.86-1.83 0.24 
Triglycerides unknown 0.87 0.51-1.47 0.59 
Diabetes mellitus 1.68 0.65-4.36 0.29 
Diabetes mellitus unknown 0.79 0.47-1.33 0.37 
HR, Hazard ratio, CI, confidence interval; AMI, acute myocardial infarc- 
tion; LAD, left anterior descending artery; CASS, Coronary Artery Surgery 
Study. 
Flow and therefore graft patency depend on distal 
runoff. Thus it is useless to separately revascularize 
smaller coronary artery branches because in most 
cases they do not have adequate runoff to support 
these single grafts. 9 If more than one coronary 
arterial communication is used along the graft 
course, the peripheral coronary resistance is less and 
flow should be increased, mThrough this higher flow 
the main bypass trunk stays open and may assist in 
maintaining patency of side-to-side anastomoses to
arteries with a poor runoff. 11 Even with this kind of 
operation a prophylactic graft might be used to 
protect a patient if sclerosis progresses. 12Although 
Sewel113 in 1978 doubted whether complete revas- 
cularization was useful, other investigators later 
proved that this approach provided a better survival 
and a lower myocardial infarction rate, with less 
angina pectoris. 14-19 
Some of these benefits can be found again in our 
study. In the patient group in which only sequential 
vein grafts were used (group II), a significantly 
shorter extracorporeal circulation time per distal 
anastomosis was seen. In the same group a signifi- 
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sequential grafts only, andpatients with single and sequential grafts. 
Table IlL Results of multivariate analys& for 
myocardial infarction 
P 
Factor HR 95% CI Value 
Sequential graft (base = single 2.06 1.08-3.93 0.0293 
graft) 
Single and sequential grafts 1.26 0.73-2.18 0.41 
(base = single graft) 
Single and sequential grafts 0.61 0.33-1.15 0.12 
(base = sequential) 
Age (>50 yr) 0.93 0.57-1.53 0.78 
Gender 0.99 0.42-2.34 0.98 
Obesity; Quetelet index > 25 1.86 1.08-3.20 .0252 
(base = Quetelet index < 
25) 
No obesity; Quetelet  index < 0.75 0.24-2.31 0.61 
25 (base = Quetelet  index 
unknown) 
Hypercholesterolemia 0.84 0.44-1.59 0.58 
Cholesterol unknown 1.23 0.32-4.76 0.76 
Hypertriglyderidemia 1.71 0.94-3.09 0.08 
Triglycerides unknown 1.53 0.46-5.10 0.49 
Unstable angina pectoris 1.17 0.65-2.10 0.59 
HR, Hazard ratio; C/, confidence interval. 
cantly higher percentage of patients received com- 
plete revascularization. 
On the long run, we found that the risk of cardiac 
events during follow-up was greater in patients with 
combined single and sequential vein grafts, and 
especially in patients with sequential vein grafts 
alone. Multivariate analysis hows that the risk of 
having a myocardial infarction r any event was 
significantly increased uring 15 years of follow-up 
in patients with sequential vein grafts only. For a 
long time Bigelow and coworkers 2 were the only 
ones reporting on long-term follow-up of coronary 
artery bypass with sequential vein grafts. The 3-year 
survival of 130 patients with sequential and single 
grafts operated on before June 1972 was 88%. The 
survival of 71 patients who received multiple single 
grafts in the same period was 78%. The hospital 
mortality of 6% for both groups was included in that 
3-year survival figure. In our study the numbers are 
96% (sequential and single grafts) and 98% (multi- 
ple single grafts), not including the hospital mortal- 
ities of 4% and 0%, respectively. Recently, long- 
term results of single versus sequential grafts of the 
Thoraxcenter in Rotterdam were reported by 
Meeter and colleagues, 3 who divided their patients 
into a group with single grafts only and a group with 
mainly sequential grafts. The overall perioperative 
mortality was 1.9% and not different between the 
two groups. The survivals after 10 years in the two 
groups were 71% and 72%, respectively. In our 
study these numbers are 85% and 79%, but the 
Rotterdam study included only patients with three- 
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grafts only, and patients with single and sequential grafts, n.s., Not significant. 
vessel disease or disease of the left main-stem 
coronary artery and depressed left ventricular func- 
tion. As was the case in our study, the mortality in 
both groups in the Thoraxcentre study increased 
from the seventh year after operation, but there was 
no difference in survival between the two groups. 
Neither the need for reoperation or coronary angio- 
plasty nor the frequency of angina pectoris between 
the groups was different after 10 years. The occur- 
rence of myocardial infarction was not analyzed in 
that study. In an unpublished study, Sergeant and 
associates howed that sequential grafting was an 
incremental risk factor for survival, postoperative 
acute myocardial infarction, and the need for rein- 
tervention. 2°
The results of our multivariate analysis urprised 
us. In view of the completeness of revascularization 
achieved in the patient group with sequential 
grafts only, we had expected their long-term clin- 
ical outcome to be better than that of the patients 
belonging to the other groups. A clear explanation 
for this result could not be found. It is true that 
the patients with sequential vein grafts were the 
first to be operated on with this new surgical 
Table IV. Results of multivariate analysis for 
reintervention 
P 
Factor HR 95% CI Value 
Sequential graft (base = single 1.22 0.73-2.03 0.44 
graft) 
Single and sequential grafts 1.10 0.75-1.62 0.62 
(base = single graft) 
Single and sequential grafts 0.90 0.54-1.50 0.69 
(base = sequential grafts) 
Age (>50 yr) 0.74 0.52-1.05 0.09 
Gender 0.62 0.30-1.27 0.19 
Smoking 1.20 0.84-1.71 0.32 
Smoking unknown 4.41 1.06-18.35 0.0411 
HR, Hazard  rat io ;  CI, conf idence  in terva l .  
technique. Therefore a learning phase for the 
surgeons could be expected. It is unlikely, how- 
ever, that this would result only in the occurrence 
of a myocardial infarction during late follow-up. 
Moreover, none of the patients with only sequen- 
tial grafts died during the operation, and only 
one patient had a perioperative myocardial infarc- 
tion. 
Since the time that our patients were operated on, 
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Fig. 4. Actuarial freedom from any event in patients with single grafts only, patients with sequential grafts 
only, and patients with single and sequential grafts. 
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Fig. 5. Hazard ratio and 95% confidence limits and their statistical significance for different events 
between patient group with sequential grafts only versus patient group with single grafts only. 
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Table V. Results of multivariate analysis for any 
event 
P 
Factor HR 95% CI Value 
Sequential graft (base = 1.54 1.01-2.36 0.0450 
single graft) 
Single and sequential grafts 1.25 0.91-1.73 0.17 
(base = single graft) 
Single and sequential grafts 0.81 0.56-1.18 0.27 
(base = sequential grafts) 
Age (>50 yr) 0.99 0.76-1.28 0.93 
Gender 0.86 0.56-1.30 0.47 
Two-vessel disease 1.33 0.88-2.02 0.17 
Three-vessel disease 1.57 1.00-2.46 0.05 
Diabetes mellitus 2.18 1.01-4.67 0.0459 
Diabetes mellitus unknown 0.88 0.64-1.21 0.43 
Number of distal anastomo- 0.84 0.59-1.20 0.33 
ses (>3) 
HR, Hazard ratio; CI, confidence interval. 
much information has been published about the 
relation between the surgical technique of sequen- 
tial bypass grafting and the angiographic paten- 
cy.S, 21-28 However, no direct relation between an- 
giographic patency and clinical event rates has been 
provided, and no prospective randomized trial com- 
paring coronary artery bypass with single versus 
sequential vein grafts has been undertaken. 
Some critical remarks must be made about our 
own study. A disadvantage was that the patients in 
this study were not randomly assigned to receive 
either a single vein graft or sequential vein grafts. 
This decision may have been influenced by unknown 
factors that independently predicted clinical events. 
Second, clinical characteristics varied among the 
three groups, but with multivariate analysis we ad- 
justed for these confounding factors. Through this 
statistical method we were able to show that not- 
withstanding the completeness of revascularization, 
significantly more patients with only sequential vein 
grafts had a myocardial infarction during follow-up 
compared with the patients belonging to the other 
two groups. Finally, inasmuch as the sample sizes 
were too small to allow subgroup analysis, it is 
possible that some types of sequential grafts provide 
good function. 
In conclusion, our data add new information to 
the few published reports on the clinical outcome of 
coronary artery bypass with sequential vein grafts as 
compared with single vein grafts. We determined 
that the event rate is higher for the occurrence of 
myocardial infarction or any other event, although 
complete coronary revascularization had been 
achieved more often. 
At present, sequential grafts continue to be used. 
However, the results of this study do not allow 
conclusions regarding circumstances mandating that 
sequential vein grafts not be used. 
We thank Mrs. L. Jacobs, Mr. T. Voskuil, and Mr. C. 
van Cuyk for their support in the research and data 
collection. 
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